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Messing about with DSPs 


By Paul Goossens 


Development Kit 


Experimenting with DSPs is a fascinating pastime, but it can be difficult to 
find a good place to start. Generally speaking, DSP circuits use very high 
frequencies, which makes the PCB layout quite critical. In addition, DIY 
soldering of these components is almost impossible, because they are 
packaged in so-called Ball Grid Arrays (BGAs). How then, can we 


overcome these difficulties? 
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A large number of problems can be 
avoided by using a ready-built devel- 
opment kit. An additional advantage 
is that these kits are usually sup- 
plied with a comprehensive devel- 
opment environment and plenty of 
examples. 

There is currently ample choice in 
DSP development kits. In this article 
we will take a close look at one such 
board and introduce it to you: the 
ADSP-BF533-EZ-KIT Lite from Ana- 
log Devices. 


Contents of the kit 


The kit contains the following items: 

— PCB 

—CD-ROM with the development 
environment Visual DSP+ + (demo) 
including examples and documen- 
tation 

— System manual 

— Power supply 

— USB cable 


At the heart of the PCB is a DSP type 
ADSP-533. This DSP is a member of 
the Blackfin family of devices from 
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Analog Devices. In addition, the PCB 
is abundantly provided with relevant 
I/O and memory chips. As such, 
there is a 32 MB SDRAM (16 M x 16 
bit), two Flash memories, each con- 
taining 1 MB primary and 64 kB sec- 
ondary Flash memory, 32 kB SRAM 
and 256 bytes of configuration regis- 
ters. These chips (PSD4256 from ST) 
really deserve an article by them- 
selves, considering how versatile 
they are; in fact, we will return to this 
PSD family in detail in a future issue. 

Concerning the audio interfaces, 
this board is provided with four ana- 
logue inputs and six analogue out- 
puts. These can be driven with a 
codec that can simultaneously drive 
all these connections at 48 kHz. If you 
choose to use only half the number of 
inputs and outputs then a sample 
rate of 96 kHz can be obtained. 

The DSP used here is powerful 
enough for video processing to fall 
within its capabilities. This is the 
reason that this board has a video 
interface as well. The video interface 
consists of three analogue inputs 
and three analogue outputs. This 
video interface will be described in 
detail a little further on. 

A programming interface is indis- 
pensable on a development kit. This 
kit gives you the option of a JTAG 
interface or — and this is very inter- 
esting — a USB connection. This 
USB connection is not only used for 
programming but for real-time 
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debugging as well! 

Finally, we should mention the 
RS232 interface, as well as the four 
pushbuttons (debounced!) plus six 
LEDs controlled from the I/O. This 
board is also complete with a power 
supply, which generates the neces- 
sary voltages from the adapter con- 
nection. On the back of the circuit 
board all the relevant signals are 
accessible for expansion purposes. 


Software 


Every development kit succeeds or 
fails depending on the included soft- 
ware. The Windows software in this 
kit is very comprehensive. It has to 
be noted that this software is a ‘Lite’ 
version containing a number of limi- 
tations compared to its larger sib- 
ling. These limitations are not too 
much of an issue in practice, how- 
ever. For example, the maximum size 
of the program is limited to 
20 kBytes and the simulator and 
emulator sessions are not accessible. 
In addition, this version allows only 
one DSP board to be connected at a 
time. And finally, the software will 
run only when the kit is connected to 
the PC and is powered on. 

The supported programming lan- 
guages are assembler, C and C++. 
These last two in particular are very 
interesting in order to quickly test 
the functionality of your own algo- 
rithms. If need be, the algorithm can 





then be re-programmed in assembler to 
obtain the best possible performance. An 
important consideration here is that the 
assembler syntax is very clear and that pro- 
gramming in assembler is a lot less cryptic 
than with DSPs from other manufacturers. 
This is not only a significant advantage for 
the beginner, but even advanced program- 
mers will appreciate the clear syntax. 

The development environment is very 
complete and contains all the relevant com- 
ponents to enable you to write your own soft- 
ware, debug and upload it to the DSP board. A 
number of useful tools are integrated, such as 
a picture viewer, which can display an image 
(or a frame from the video signal) in the DSP 
memory. The contents of the internal regis- 
ters of the DSP as well as the external memory 
can be viewed and modified too, of course. 


The DSP 


The DSP that has been used here has many 
on-board peripherals. That is obvious from the 
datasheet that amounts to 936 pages and 
which details the hardware aspects of the DSP 
We will only summarise the salient points. 

As a result of all the built-in peripherals, 
the instruction set is quite remarkable for a 
DSP This chip contains alongside the usual 
DSP instructions a complete set of ‘normal’ 
CPU instructions such as simple bit manipu- 
lation etc., which makes the move from micro- 
controller to DSP much easier from the pro- 
gramming perspective. This is not to say that 
an experienced DSP programmer won't 
appreciate these instructions either... 

With a DSP the calculating abilities are 
ultimately the most important. As with most 
other DSPs, this DSP also contains two very 
optimised arithmetic units, which will carry 
out one calculation per clock cycle, irrespec- 
tive of whether this is a multiplication, an 
addition or a shift. At an internal clock fre- 
quency of 600 MHz this results in a comput- 
ing power of 1.2 GMACs! This should be more 
than enough for most existing multimedia 
applications. 

The operating speed can be increased by 
another factor when only 8-bit video instruc- 
tions are used. We can hear you think already: 
8 bits, that is now ancient history, isn't it? But 
nothing is further from the truth, because 
most video algorithms (such as the MPEG 
standard) make frequent use of 8-bit data. 


The data stream 


Such computing power is very nice, but it is 
only useful if data can be provided fast 
enough. Here is where the DAGs (Data 
Address Generators) come into play. They 
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can be considered as pointers that can be 
programmed with an offset, automatic incre- 
ment/decrement and optionally generate bit- 
reverse-addressing (for the connoisseur: very 
helpful when doing an FFT analysis). These 
functions require a fast connection to the 
memory. In addition to the internal L1- and L2 
cache memory, the DSP is also fitted with an 
SDRAM controller, which allows up to 128 MB 
of SDRAM to be addressed, without any addi- 
tional components. 

Other types of memory can also be 
addressed. This requires the programmer to 
indicate which type of memory is being used 
and how fast this memory can be accessed. 
This allows the use of standard memory 
devices. There is provision, in addition to 
SDRAM, for SRAM, Flash and ROM to be con- 
trolled, without the need for external logic. To 
enable a smooth flow of the data, there is a 12- 
channel (!) DMA controller, which is connected 
to the various interfaces. This makes it possible 
to move large amounts of data while the 
processor just continues to calculate. 


Several interesting interfaces 


As if all of this is not enough, the DSP also 
contains a USB controller. Using this, an inter- 
face to an external computer can easily be 
realised. For the more advanced among us it is 
interesting to know that the DSP also con- 
tains an actual PCI interface on board, which 
can function both as host and as slave ina 
PCI system! 

Finally, we would like to mention the PPI. 
This is a very comprehensive parallel inter- 
face, which is capable, on its own, to trans- 
mit or receive video images and generate all 
the necessary synchronising signals, if 
required. 


Examples 


It goes without saying that the development 
kit is supplied with a number of examples, 
which work straight off on the evaluation 
board. These examples can form the basis for 
your own applications. One example con- 
cerns the generation of a test pattern with 
the aid of the video encoder. This example, 
unfortunately, generates an NTSC signal 
while PAL is the standard in most European 
countries. However, modern TV sets happily 
handle either signal. 

Nevertheless, we found this to be an 
annoying limitation so we decided to adapt 
the example so that it would generate a PAL 
signal instead. At the same time, this is a 
very good exercise to familiarise yourself with 
the DSP and video encoder. The datasheet for 
the video encoder informed us that the chip 
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has to be configured via the I2C 
interface, so we first wrote a few 
simple I2C routines. At the back of 
the datasheet is a list with the con- 
figurations for the various TV stan- 
dards. Unfortunately our modifica- 
tion didn’t work immediately, 
because we had overlooked some 
minor details. In the list with I2C- 
registers and corresponding values, 
two registers are missing that are 
intended for future versions of the 
chip. 

When you are configuring the 
video encoder yourself for your own 
application, keep in mind that in the 
list the two registers at sub-address 
5 and 6 are not mentioned. You have 
to either write zero to these registers 
or (even better) just skip them. So 
look out when just sending the pub- 
lished list to the chip! 

Our example for generating a PAL 
video signal can be downloaded, 
free of charge, from the Elektor Elec- 
tronics website at www.elektor-elec- 
tronics.co.uk, the file number is 
030439-11. 


Expansion 


In the event that the on-board 
peripherals fail to satisfy all you 
needs, it is always possible to 
expand the hardware using the three 
connectors on the back of the board. 
All the necessary signals can be 
found on these connectors. 
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In addition, Analog Devices sup- 
ply a number of ready-made expan- 
sion boards for this kit, so that those 
who would prefer not to design and 
build their own hardware can still 
expand the capabilities of this kit. 
These expansion boards are along 
the lines of an external camera con- 
nection, fast A/D and D/A convert- 
ers, etc. Typical I/O for a DSP in 
other words. 


Finally 


The processor, as mentioned previ- 
ously, is equipped with many fea- 
tures that cannot all be described 
here in detail. Otherwise, this issue 
would no longer fit in your mailbox! 
The I/O chips on the board are also 
certainly worth a closer look. 

This kit is unfortunately not all 
that cheap ($245 ex factory), but the 
price is still reasonably attractive, 
certainly considering the options it 
offers. 

After an extensive introduction 
with the ‘ADSP-BF533-EZ-KIT Lite’ 
we come to the conclusion that this 
is a very powerful design, with not 
too complex programming. Of 
course, this kit is not intended for 
beginners, but you do not need to be 
a DSP expert either, in order to suc- 
cessfully realise a whole bunch of 
nice projects. This kit is certainly rec- 
ommended to the curious boffins! 

(030439-1) 
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